
Updated: May 25, 2006

Course: SPH 4U1 

Unit: Force Fields

Lesson 0,1: Title: Gravitational Energy

Apparatus needed: a small black hole would be nice.

Preliminaries:

From previous day:

The concept of force fields was invented to explain “action at a distance”. Any time that you want to move something you actually have to touch it (unless you are Luke Skywalker!). But in some cases objects can move without  being touched – gravity and magnets are two examples. A force field is not a real object, but one way of explaining what we observe. Scientists are interested in the 4 fundamental forces of nature to learn about how the fields they produce work and how they might be harnessed for useful work. If someone were to find a fifth force it would open up a whole new area of physics and engineering!
Diagram of earth with smaller arrows showing weaker gravitational force field. The strength of the gravitational force field around the earth is called the gravitational field intensity (symbol g, units N/kg). Strangely enough (since inertial mass = gravitational mass) it is the same number as the acceleration due to gravity (g = 9.8 m/s2 on the earth’s surface).
We will start off looking at fields due to gravity, and then extend the physics to electrical charges and magnets.

Homework:  Imagine that you are on a small spherical planetoid, r = 1.0E6 m,  m = 1.0E22 kg. You want to send a 6.0 kg canister into space so that it will escape from the planetoid’s gravity. 

Make a table with the headings:



	d = distance from centre of planetoid
(m)
	Fg  = GmM/d2  
(N)

	r = 1.0 E6 
	

	2r = 2.0 E6
	

	3r
	

	4r
	

	5r
	

	…
	

	10r = 10.0 E6 
	


· Calculate the force of gravity on the 6 kg canister for each of the 10 distances (at least the ones listed above).

· F( 1/r2 . If r goes from 1 ( 2 (doubled) the force is ¼ as much. [Check this with the numbers.] How could you predict the answer for 3r? 4r? 5r? 10r?

· Plot a graph of distance vs force

· What is the area under a under a F-d graph? Work. (Recall W = (E)
 
 




The area under this curve is the work done moving the object from the surface to 10r.

· From this (the energy) we can find the velocity needed to launch the projectile.


* Talk about a faster way to find these answers: use proportions: from r ( 3r divide Fg by 9. Ask why. (have an explanation that they can write down).

Lesson:

The graph you did yesterday was of Fg = GmM/r2  , which is basically y = 1/x2  . How do we find the area under it? Do it on graph paper and count the squares. What about an exact mathematical method?

Integration is the area under a curve.
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taking constants out front: 
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Integration is the opposite of differentiation.

y = ???

so what is y =?

if y = x –2 what is y' = ?
y' = 1/x2  = x -2  



y' = -2 x –3
so for the first situation, y = 1/x . Check this.
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This is our exact formula for gravitational potential energy  
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Sketch graph: (from p 286)
E vs r
Eg (( 0 as r ( (
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Earth-moon: d=9496km (solid)





The energy stops at the lower end when the two objects are in contact. We are not going to learn the formulas for going down into a hole inside the earth. (The gravitational field is linear, going from 9.8 to 0 N/kg. I am not sure how the gravitational energy changes.)

Gravity Well
<diagram / explanation >


Note that while the actual quantity for gravitational potential energy is negative, the change in GPE is positive as we move away from the planet.

To move from some initial distance to a final distance ,we would write:
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What do we get if we look at the change in Eg as an object moves a small distance (y near the surface of the earth?

(follow derivation in text from page 286).


Wow! Eg = mgh is only approximate.

What is the change in gravitational potential energy for a 64.5 kg  astronaut who moves from the earth to an orbit 440 km up? How does this compare to the value that you get using E = mgh?

(write the calculations in here sometime)

*** Illustrate this on the graph. The value of Eg1, Eg2, r1, r2. Show how the GPE is always negative, but the change is positive.

Homework: Derive the formula for the speed of an object in orbit (p 146)
p 287 #1-3

Evaluation: - they don’t yet know why we are doing this!

How far from the earth do you have to be before Eg = (mgh is 5% larger 
than the true value of Eg=-GmM/r ?
(I think it works out to about 140 km).
( Can this be done by just looking at g = GM/r2 and seeing when it goes down by 5% ?
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LaRoche radius, blackhole spaggettification
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